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Our knowledge of intermolecular potentials, equations of state theories,
and methods of handling chemical reactions are at a stage where one can
perform rigorous calculations on pure and mixture systems at high pressures
and temperatures.
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PURE SYSTEMS: Melting Lines of Krypton and Xenon .
We have recently developed a perturbation (PT) theory (Kang et al., 1986),
which expands the free energy using the hard-sphere reference potential in
such a way that only the first-order correction to the Helmholtz free
energy is necessary in most cases to yield reliable thermodynamic
properties. We have applied the PT to examine the thermodynamic
properties of krypton and xenon (Kim et al., 1989). Such a study is timely,
since the diamond-anvil-cell (DAC) technology is beginning to supply P-V
data close to 200 GPa, and since Aziz and Slaman (AS) (1986a,b) have
constructed very reliable pair and induced multipole potentials.
Comparisons of computed results with experimental data shed a light on
how condensed phase interactions differ from that of an isolated pair
interaction.

Melting properties are sensitive to a small difference in the Gibbs
free energies of the fluid and solid phases. The PT permits the computation
of solid and fluid phase properties within a single theoretical framework.
This is a unique and essential feature for calculating melting properties. We
computed the melting line of xenon using the PT (Fig. 1). Comparisons with
experimental data show that the AS potential gives melting pressures that
are too low and that the Axilrod-Teller (AT) triple dipole term, which is
repulsive, is necessary in bringing together theory and experiment. Namely,
the AT interaction serves to stabilize the fluid phase at the expense of the
solid phase. Similar results are obtained for krypton.

The AT three-body force is the dominant many-body force within the
pressure range in Fig. 1. At higher pressures, a short-range attractive
correction Vgr(r) to the AS potential is needed. Barker (1987, 1988)
introduced a correction term to match experiment to 5 GPa for krypton and
to 50 GPa for xenon. Beyond these points, our calculations show that
Barker's modified potentials become too stiff, for example, overestimating
the pressure (= 123 GPa) of xenon by about 30 GPa at V = 11 ¢m3/mol at
298 K. Following Barker, we have introduced an ad hoc Vgr(r) to the AS
potential so that the effective pair potentials (referred to as ASM) with the
AT term agree with static compression data to about 200 GPa for xenon
and to 30 GPa for krypton (Kim et al., 1989). The exact nature of Vg (r) is
not clear, but it probably originates from the many-body forces
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associated . with the Pauli
principle which prevents an
overlap of the electron charge
density.

A DAC technology at
elevated temperatures, which is
under various stages of

development, will extend melting
lines in Fig. 1. According to our
best calculations (ASM-AT
potential), such an experiment
would produce the melting lines
which should lie close to those
shown in Fig. 2. The melting lines
of krypton and xenon approxi-
mately follow each other to
about 5000 K, but beyond this
point the melting pressure of
xenon increases faster with
temperature. The high-T portion
of the melting line of krypton
may be less reliable, since
compression data used to "back-
out" V.(r) are not available.

MIXTURES: Phase separations in Ny-H70 Fluid

Our application deals with a gas—-gas phase separation in Ny-H20 mixtures
using a general chemical equilibrium computer code that minimizes the
Gibbs free energy with respect to the composition of chemical species

(Ree,

1986). Our calculations approximate an average electrostatic

attraction in water molecules by a temperature-dependent attractive
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Figure 2. High-temperature melting lines of krypton and xenon as

predicted by the PT with the ASM-AT interaction.
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well-depth. The potential parameters are further constrained to agree with
shock data for the like-pair interactions and the Lorentz-Berthelot rule for
the unlike-pair interaction. Figure 3 shows an isotherm (solid line) for an

equimolar mixture of N

o . , : ; and H7O at 4000 K. As a
A 50% N, + 50% H,0 at 4000 K reference, it shows two
i . MeQ " other isotherms, one rep—

e wo-Componen - -
o MC (Eftective one-component) resenting a complete
phase separation (dashed
as b line; additive-volume

model) and another
without phase separation
(dotted line), the latter
based on the effective

Pressure (GPa)

25 b one-comporient para-
meters derived from the
i former. The  phase

separation first becomes
noticeable at 14 GPa and
is nearly complete at 35
Volume (cm3/mole) GPa. To check this
prediction, we have

carried out 500-particle
Figure 3. Isotherms of an equimolar N;-HO Monte Carlo MC)

mixture at 4000 K: comparison between simulations. In Fig. 3, the
theory/Monte Carlo simulation. See the text. case of a perfectly mis-

: cible N7-H70 mixture
is shown by open circles (the effective one-component) and the
corresponding two-component simulations (which allow a possible demixing
of a Np-rich and a Ny—poor phases) by solid circles. Reasonable agreement
between theory and simulation for the two-component calculations
reinforces the prediction on the phase separation. Additionally, the first
nearest-neighbor peak in the MC N7-H;O pair distribution function lies
distinctly below those of the like-neighbor pairs. If such a phase separation
does indeed occur, it would profoundly affect the detonation behavior of
many condensed explosives (Ree, 1986).

Work performed under auspices of U.S. DOE at Lawrence Livermore
National Laboratory under contract No. W-7405-ENG-48.
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